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Introduction
A means of obtaining instantaneous values of acceleration of
rotating machinery, electrical or otherwise, would in many cases be
of considerable assistance and in some instances would be absolutely
necessary. A search of the literature by the author revealed the
fact that the only available method was one utilizing some device
to record the speed at definite time intervals. Average values of
acceleration could then be calculated from this record. Such a de-
vice was described by G. W. Penney . Eight contacts, constructed
so that each was closed at a certain definite speed by centrifugal
force, were so connected that an oscillograph recorded the closing
of each. The addition of a timing wave made it possible to get
eight points on a speed-time curve, from which acceleration was
obtained. A much more accurate method of obtaining the speed-time
curve would have been to use a separately excited direct current
generator directly connected to the machine under observation. The
voltage of the generator being proportional to speed, an oscillo-
graphic record of the voltage would have given the speed to the
accuracy with which the oscillogram could have been read.
Two methods of measuring acceleration were suggested to the
author, one by Dr. V. Bush, and the other by 1r. Harold Edgerton.
Each consisted essentially of a self-excited direct current genera-
tor to which was connected an electrical circuit, the voltage or
(1) An instrument for measuring short-circuit torque, Vol. 46,
Journal A.I.E.E.
2current in some portion of the circuit being proportional to the ac-
celeration. This investigation dealt with each, and in that which fol-
lows will be found a discussion of the theory underlying each, the ap-
paratus used, and the results obtained.
3Part I
The Condenser Idethod
Theory
As seen from the diagram shown in Figure 1, the apparatus con-
sisted primarily of a separately-excited direct-current generator
directly connected to the shaft of the machine whose acceleration
was to be measured, and a condenser connected across the terminals
of the generator.
Neglecting the drop due to the resistance and inductance of the
armature, the terminal voltage of the generator is directly propor-
tional to the speed, since it is separately excited. The resistance
drop can be neglected, since, with an armature resistance of approxi-
mately 5 ohms and a maximum current output of 0.100 amperes, it amounts
to only 0.5 volts.
As for the voltage drop due to the inductance of the armature,
it was found to be only one to two percent of the total. With an in-
ductance of approximately 0.2 henriesa.rate of change of current of
five amperes per second would cause a drop of only one volt. The
rates of change of current encountered in this investigation were
found to be well within this limit.
neglecting the resistance of the leads and that of the con-
denser itself, it is seen that the current taken by the condenser
is proportional to the rate of change of voltage as well as to the
capacity of the condenser. Therefore, since the voltage was as-
sumed to be proportional to the speed of the generator, and since
the current is proportional to the rate of change-of voltage, it
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4follows that the current is also proportional to the rate of change
of speed or proportional to acceleration.
Apparatus.
The motor whose acceleration was to be measured was a General
Electric three phase wound-rotor induction motor #73515. It was rated
at 7.5 H.P., had a no load speed of approximately 1180 R.P.M., and
operated on 220 volt, 60 cycle current.
To this motor, a small shunt wound direct current generator was
rigidly connected. It was a 2 H.P. General Electric, type R C 4
#691787, and was rated at 220 volts at 1,000 R.P.M. The condensers
were the Westinghouse static type and were ordinarily used in the
dynamo laboratory as a means of obtaining a leading power-factor load.
The oscillograph used was a Ueneral Electric #587282 type E.M., hav-
ing three elements.
The meters used consisted of a Weston #1392 magneto-voltmeter
for recording speed, a Weston #26152, 0-300 volt, d'.c. voltmeter for
measuring the generator voltage, a Weston #21896, 0-1.0 ampere, d.c.
ammeter in the field circuit of the generator, and a Weston MA-164,
0-100 milliampere, direct current arrimeter used in calibrating the
oscillograph.
Results.
Before the investigation was started, it was anticipated that
difficulties would be encountered on account of fluctuations in volt-
age due to commutation. A determination of the magnitude and frequency
of such fluctuations was, therefore, deemed advisable.
Film #1 depicts the nature of such variations. it was ob-
tained by running the generator at a constant speed of 1170 i.P.M.,
and opposing the generator voltage by a 115 volt battery. An oscil-
lograph vibrator connected in the battery circuit recorded the de-
viations of the voltage from a steady value of 115 volts as shown
in the lower part of the film. A 60 cycle timing wave is shown in
the upper portion of the film. The frequency of oscillation due to
commnutation was found to be approximately 465 cycles per second,
which was to be expected with 48 commutator bars and a speed of
1170 R.P.M. Superimposed upon this, however, was a disturbance
occurring twice every revolution, as shown by the two high peaks.
This was probably due to some mechanical unbalance of the armature
of the generator, such as the armature being out of round, or the
armature not being properly centered on the shaft.
Film #2 illustrates, in an even more striking manner, the
two types of fluctuations. A condenser whose capacity was 0.00855
farads was placed across the output terminals of the generator. An
oscillograph vibrator was placed in series with the condenser. The
film was taken when the generator was rotating at a constant speed
of 1170 R.P.M., at which time its terminal voltage was 203 volts.
The film speed was slightly slower than that used in obtaining 'l.
The regularity with which the fluctuations occurred, indicated that
they were due to the generator itself, rather than to variations
in the speed at which the generator was driven. *
Film #3 is the record of voltage and current in the generator
circuit obtained when the motor was coming up to speed under no load.
k.
6The condenser and the final value of speed and voltage were the same
as in Film #2. Extremely violent oscillations took place in the cur-
rent in the condenser circuit and were probably due to the fact that
the condenser and the armature of the generator formed an oscillatory
circuit. The fluctuations in voltage, then, other than those due to
a change in-speed, set up oscillations in the circuit which made the
record of no value at all as far as acceleration was concerned.
Several things were then tried in an effort to diminish the cause
of these spurious oscillations. The brushes of the generator were
shifted over a considerable arc with no great success.
They were set, however, at what appeared to be the most de-
sirable position. The original brushes on the generator covered
about two and a half commutator bars, and it was thought that a
thinner brush might be of aid. Accordingly, a brush, covering only
one bar, was substituted, but it proved to be of little assistance.
The idea of using a low pass filter next suggested itself.
in obtaining the acceleration of the motor during starting, the
frequency of the oscillations due to commutation of course varies
from U to about 465 cycles per second. The magnitude of these os-
cillations at the lower frequencies is small due to the fact that
the speed and, consequently the voltage per coil is relatively small.
A single section ft type, low pass filter with a cut-off of about
150 cycles per second was inserted between the generator and con-
denser, since it was deemed advisable to have the cut-off frequency
as high as possible in order to retain a sufficient number of com-
ponents of the acceleration.
yIt was found, however, that the resistance of the various
chokes available was of such a magnitude that the voltage across
the condenser was decreased about one-half.
It had been noticed that when the motor and generator were
running at constant speed, that an increase in capacitance of the
condenser across the generator caused but a very slight increase
in the fluctuations of the current in the condenser circuit. This
was accounted for by the natural frequency of the armature and con-
denser being much above 465 cycles per second. It follows, there-
fore, that an increase in capacitance would increase the percentage
current due to acceleration; while at the same time, it would bring
about a percentage decrease in the unwanted oscillations.
rilm #4 is the record which was obtained by the use of the
idea. All the available capacitance of the dynamo laboratory,
amounting to about 0.030 farads, was utilized, while the field cur-
rent was -about a fourth of its former value. As can be seen, the
result obtained was much better than film #3. There still remained,
however, a great deal of fluctuation which, in the opinion of the
author, was not due to acceleration. Other films were taken with
different operating conditions of the motor, but were unimportant
as far as this investigation is concerned.
The use of a condenser was finally discarded. it was believed
at the time that it was practically impossible with the equipment
on hand to get a true and accurate record of acceleration. Another
consideration was the fact that it was difficult to obtain the use
of sufficient capacity, inasmuch as it was being used elsewhere in
the dynamo laboratory during the same period of time.
However, it is believed by the author that the idea is meri-
torious. it might be possible to decrease the amount of current
necessary in the condenser circuit by the use of a high sensitivity
vibrator. This would probably allow the use of a filter, since the
reduction in current would decrease the voltage drop through the
filter.
Another aid to the success of the scheme would be the utili-
zation of a direct current generator whose voltage was more-nearly
constant than that of the one used.
This would apply not only to fluctuations due to commutation,
but more especially to those of a lower frequency, since it is be-
lieved that the latter are more detrimental.
Part II
The Inductance Method
Section I. Theory
After the idea of using a condenser in the generator circuit
was discarded, another method was tried. A separately-excited direct-
current generator was used as before, but instead of using a conden-
ser, a large resistance in series with a sinall inductance was con-
nected to the output terminals of the generator. Assuming, as before,
that the voltage of the generator is proportional to the speed, it
is seen that the current through the resistance and inductance is
very nearly proportional to the speed since the resistance was taken
to be large in comparison to the inductance. The acceleration, then,
is nearly proportional to the rate of change of speed, or to the
rate of change of current. Since the voltage across the inductance
is proportional to the rate of change of current through the induc-
tance, it follows that this voltage is also proportional to the ac-
celeration.
It was soon seen, however, that with the rates of change of
current to be used, that the voltage drop due to the resistance of
the inductance would be of the same magnitude as that due to the
inductance when utilizing any practically designed inductance. This
difficulty was obviated by the use of transformer. Placing the
primary of the transformer in series with the large resistance, gives
a voltage across the secondary which is proportional to the rate of
change of current in the primary providing that there is a negligible
10
amount of current taken from the secondary.
This condition, in connection with the fact that the secondary
voltage when using a transformer having a ratio of turns of twenty
to one was of insufficient magnitude, necessitated the use of a
vacuum tube amplifier. An ordinary transformer or resistance
coupled amplifier could not be used, of course, since neither of
these types give a constant output when a constant direct-current
voltage is applied to the input. (onsequently, it was necessary
to construct a so-called "direct-current"amplifier.
in view of the previous experiences with the fluctuations
in the output voltage of the generator, it was thought advisable
to incorporate a filter somewhere in the circuit. Theoretically,
it could be placed in one of a number of points in the circuit.
The controlling factor was the voltage drop due to the resistance
of the choke, and for this reason the filter was finally connected
in the circuit between the secondary of the transformer and the
vacuum tube amplifier, since the current taken by the grid of a
vacuum tube is exceedingly small. A diagram of the generator
circuit is shown in Figure 3.
Appendix II gives the development of a formula for use in ob-
taining values of acceleration from the oscillograms. it is seen there
that
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where
o(: acceleration in radians per second per second
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A = a constant connecting the generator voltage and speed
(see Appendix 11)
R a total resistance in the generator circuit including that
of the primary of the transformer
N ratio of transformation of the transformer
L = inductance of the primary in henries
K = centimeter deflection of the vibrator per volt input
to the amplifier
d = deflection of the vibrator in centimeters
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Section II. Apparatus.
Lotor and Generator.
Figure 4 is a photograph of the motor and generator used. The
motor was a Crocker-Wheeler type C C L, shunt-wound direct-current
motor whose serial number was f52348. it was rated at 110 volts, 275
volts, and ran at a speed of 2100 R.P.M. A Crocker-Wheeler type C M,
shunt-wound direct-current generator was used. Its serial number
was 52346, and it had a rating of 220 volts and 2.5 amperes at a
speed of 2100 R.P.M. It was a two pole machine and had 42 commuta-
tor bars. As can be seen in the picture, the motor and generator
were rigidly connected.
Transformer.
The transformer used was one that was especially designed to
suit the needs of the circuit. The inductance of the primary and
the ratio of transformation had to be of sufficient magnitude in
order that a large enough secondary voltage might be obtained. Another
important consideration was that the inductance should be nearly con-
stant over the range in which it was to be used.
it happened at this time that Mr. Hazen was working on the de-
sign of a reactor having nearly constant inductance for use in an
a.c. calculating table. He made use of a shell type core built up
of high-permeability alloy and having about ninety per cent of the
reluctance of the magnetic circuit in an air-gap. An inductance of
approximately 0.200 henries was obtained, but in order to make space
in the window for the secondary winding a change in design was neces-
sary.
Fl
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In order to select the proper constants of the transformer, a
formula developed in Appendix I was made use of. It was found that
L.E
R 200N
where
N ratio of transformation of the transformer
L inductance of primary
Es :secondary voltage
R = resistance in series with prinary
Now if Es z 0.200 volts, N = 20, and L = 0.200 henries
0.200 W 0.200
R 200 x 20
or
R 4000 ohms
The rate of change of current in the primary circuit is ap-
proximately
di - 200
dt R
or in this case
di 200
dt 4000
0.05
This gives a voltage drop across the primary of
L di 0.200 x 0.05dt
0.01 volts
which is negligible with respect to the drop across the resistance.
UI
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in order to secure sufficient winding space for a secondary
winging having twenty times the number of turns as the primary, it
was necessary to increase the stack height of the core material, re-
duce the number of turns on the primary, and at the same time use a
smaller enamelled wire. The final design called for 815 turns of
#30 enamelled wire for the primary and 16,300 turns of #38 enamelled
wire for the secondary. A drawing of the assembled core is shown in
Figure 5.
The inductance of the primary was tested on a 60 cycle impe-
dance bridge at various current densities. Figure 6 shows the values
of inductance obtained plotted against current density. A greater
variation was evidenced than expected, but this was probably due to
the fact that the core was made up of a slightly lower grade alloy
than that used by Mr. Ha'zen. However, as will be explained later, a
correction can be made for this variation.
Amplifier.
With the transformer as described above, and with the expected
values of acceleration, it was necessary to use an amplifier which
would give sufficient current in its output circuit to give a sizable
deflection of the oscillograph. In other words, an input of 0.200
volts should give an output current of from ten to fifteen milliamperes
which would be sufficient when using a high sensitivity vibrator.
As a first attempt, a vacuum tube repeater consisting of three
210 tubes in parallel was tried. It was found, however, that when
using a plate battery of 500 volts and operating the filaments at
7.5 volts, that the sensitivity obtained was approximately 8 milli-
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amperes per volt input.
This led, then, to the addition of another stage of amplifica-
tion. As mentioned before, ordinary means of coupling the two stages
could not be used. The scheme that was finally adopted is shown in
Figure 7. A bestern Electric type 102 - D, high-mu tube was used
in the first stage. its normal grid bias is given as one volt and
was obtained by a potentiometer arrangement as shown. in series
with the 145 volt plate battery was placed a 50,000 ohm resistance.
The input of the repeater was connected directly across the resistance.
The operation of the amplifier was as follows. The application
of a voltage to the input terminals of the first stage in such a
direction as to increase the negative bias on the tube, caused a
decrease in the plate current. This decrease in plate current in
turn decreased the voltage drop across the coupling resistance, there-
by causing a change in the output current.
With a normal bias of one volt on the first tube, its plate
current was approximately 0.7 milliamperes. This provided a bias,
then, of about 35 volts on the repeater which is near the normal
operating value. Tests were made for linearity of the amplifier
with various values of coupling resistance, which showed that the
choice of the 50,000 ohm resistor was warranted.
Typical curves of the variation of the output current with the
input voltage when using a coupling resistance of 50,000 ohms are
shown in Figure 8. in obtaining these curves, an output or D bat-
tery of 30 volts was used, the output resistance being adjusted so
-
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as to give a zero output current with zero input voltage. Two curves
are shown, one with an initial grid bias on the first tube of 1.0 volt
and another with a bias of 0.8 volt. It is seen that the response of
the amplifier is essentially linear. The difference in slopes is ac-
counted for by the fact that the output resistance was different in
the two cases.
Since the amplifier was found to be linear, it was only neces-
sary to apply a known voltage and measure the output current or de-
flection of the vibrator in order to calibrate the instrument. Such
calibrations were frequently made, inasmuch as the two plate voltages
were not the same from day to day.
Filter
The filter, as shown in Figure 3, consisted of a 3 henry Samson
choke shunted by 1 :nT. paper telephone condensers, giving a cut-off
frequency of about 180 cycles per second. The response of the filter
and amplifier to 0.2 volts d.c. suddenly applied in the circuit contain-
ing the secondary of the transformer is shown in film it5. A 60 cycle
timing wave was used. The result is a quickly damped sinusoid.
Uscillograph and eters
The oscillograph used was a General Electric type EM, #690332,
equipped with one high sensitivity vibrator for use in recording the
output current of the amplifier. Two standard vibrators were also
used, one to record the voltage of the generator and the other to
provide a timing wave.
A Weston 0-300 volt No. 4927 d.c. voltmeter was used for read-
ing the generator voltage, while a J. G. Biddle No. 23358 tachoscope
was used for determining the speed of the motor and generator.
Section III. Oscillographic Records.
With the apparatus set up and in working order, tests were
made to ascertain whether the correct constants had been used. By
changing the excitation on the generator, and by adjusting the ten-
sion on the acceleration iibrator, it was possible to obtain a siz-
able deflection.
Film #6 was taken when a 20 to 1, 100 volt-ampere potential
transformer was used instead of the specially designed transformer.
It shows the speed-time curve of the motor as the motor came up to
speed under no load. An inspection of the acceleration curve shows
that it is far from correct. The motor overshoots its final value
of speed, and considerable deceleration is experienced by it in
settling down to its normal speed. The film, however, shows but a
little.
When the new transformer was completed, it was placed in the
circuit and film 1j7 is the first record obtained with it. 0.4 mfd.
condensers were used in the filter circuit instead of 1 nit. as shown
in Figure 3. The initial surge or peak in the acceleration curve is
explainable by Film -5, and is probably due to the initial surge in
the filter and transformer circuit. The effect of commutator ripples
is discernible for the first quarter of a second or so, after which
they are eliminated by the filter. it was believed that the lower
frequency oscillations in the acceleration curve were caused by sud-
den fluctuations in the voltage. it seemed that this generator had
essentially the same voltage characteristics as the one used in Part 1,
that is, a fluctuation due to commutation and another of lower fre-
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quency occurring twice every revolution. it appears, also, that
the acceleration fell to zero too rapidly, and that the decelra-
tion indicated was too large as compared to the acceleration. it
was thought that the output or D battery was nearly discharged, so
that for a constant input in the amplifier, a constant deflection
of the vibrator would not have been obtained.
Up until this time, no attempt had been made to secure quanti-
tative results. The formula for obtaining values of acceleration
from the oscillograms was given above as
CA = d
NLK
in order to obtain the constants for this equation, values of
speed and generator voltage were recorded when the speed had become
constant. The deflection of the voltage vibrator was also noted.
Then a constant d.c. voltage was inserted in the secondary circuit
of the transformer and the deflection of the vibrator connected to
the amplifier was determined. Such readings were taken before and
after a picture was taken, and then averaged in order that errors
might be reduced to a minimum.
The value of inductance used was 0.1772 henries which is the
value of inductance corresponding to zero current through the in-
ductance as obtained from Figure 6. in order to determine the true
acceleration at any given speed, it is necessary to multiply the ap-
parent acceleration obtained by using 0.1772 henries by a factor
varying linearly with the speed. This factor is obtained by calcu-
lating the voltage at the speed in question; from this the current
through the inductance, and finally determining the inductance at this
current by using Figure 6.
Before obtaining Film #8, the output or D battery was replaced
by one of larger capacity. In an effort to reduce the unwanted fluc-
tuations in the acceleration as shown in Film ff7, several things were
done. The generator commutator was thoroughly cleaned and the brushes
were sanded. Also, the filter condensers were increased to 1 mfd.
each instead of 0.4 mfd. The result was that the oscillations were
considerably decreased except at a point near the maximum speed.
From an inspection of the film it seems that four or five apparent
discontinuities took place in the voltage. Each one, of course,
started a transient in the filter circuit which was recorded by
the oscillograph. 1ilms #9 and #10 were taken under practically
the saeie conditions and the effect of voltage variations is less
apparent.
It was thought that the cause of the fluctuations in voltage
was overvoltage between commutator bars causing sparking. Accord-
ingly, the field current of the generator was reduced. Film #11
shows that this expedient was of some assistance. Greater accur-
acy of reading was obtained by lowering the zero line of the speed,
and also decreasing the tension on the vibrators.
it was at this point that trouble with the voltage or speed
vibrator was discovered. When a constant voltage was suddenly ap-
plied to the vibrator, the spot of light from that vibrator, as
observed on a piece of ground glass, would suddenly jump a dis-
tance corresponding to about 95 per cent of its final value and
then slowly creep over the remaining 5 per cent. A corresponding
action was obtained when the voltage was taken off. The spot
20
would jump back and then creep slowly toward its original zero
point. Variations in tension did not cause a great deal of dif-
ference. After trying several vibrators, one was finally found in
which this creeping characteristic was not so marked.
Films #12, #13, and #14, were taken with this vibrator. #12
and #13 were taken under the same conditions as #11, while #14 was
taken when using filter condensers of 2 mfd. each. It seemed that
this gave too low a cut-off frequency since the very low frequency
oscillations in the acceleration after the motor had reached its
maximum were not as apparent in Film #14 as in the others.
Fluctuations in voltage appeared to be becoming much worse
under apparently the same conditions. The climax occurred in
taking Film #14 when a ring of sparks was observed around the com-
mutator. This condition persisted and it was here that the in-
vest igation was concluded.
21
Section IV. Check.
in order to check the records of acceleration obtained,
use was made of the integraph to integrate the acceleration -
time curves. These curves, as taken from the oscillograms are
shown in Figure 11. An average was taken through the osoillo-
graphic record of acceleration, retaining only the very low fre-
quency components.
in obtaining the first few points, use was made of Film #5
which shows the response of the circuit to a suddenly applied
voltage. The maximum height of the initial surge was measured.
A proportion was then taken between this measured height and the
maximum height in Film #5,, taking into account any difference in
calibration of the vibrator, in order to obtain the magnitude of
the suddenly applied voltage which caused the initial surge. This
derived value of voltage, or acceleration, was then taken to be the
initial value for the curves in Figure 11.
A correction for variation in inductance was made by arrang-
ing the integraph so that each ordinate of the speed-time curve
was multiplied by a ratio determined by the change in inductance
as shown in Figure 6. The speed-time curves, as given by the in-
tegraph, as well as corresponding points taken from the oscillo-
grams are shown in Figure 12.
Uurve No. 1 which was obtained by the use of Film,,#9 is
incorrect since an error was made in the calibration of the in-
tegraph. It shows, however, that the general shape of the speed-
'I
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time curve is correct.
Curves, 2, 3, and 4 all come on an average within about
ten percent of the points taken from the corresponding oscillo-
grams. Curve 4, obtained from the last film taken, #14, is more
nearly right than the others, even though the low frequency oscil-
lation in the acceleration is practically absent as can be seen in
-curve 4, Figure 11. This may perhaps be accounted for by the fact
that an oscillation of considerable magnitude in the acceleration
affects the speed curve but a little.
Oonclusions
Two methods of measuring acceleration have been discussed,
both of which utilize a separately-excited direct-current genera-
tor. It seems that this generator is the seat of a great deal of
trouble. The effect of commutator ripples is not difficult to
overcome, but such is not the case with the lower frequency of
fluctuations caused probably by mechanical or electrical unbalances.
in the opinion of the author, however, it should be possible to se-
cure a generator which would not possess these undesirable charac-
teristics.
Uf the two methods, the one using the condenser is far the
simpler, and as mentioned before, it should be possible to make it
work by using a high sensitivity vibrator and a filter. The use
of such a vibrator would materially decrease the current required
through the condenser, which would in turn decrease the amount of
capicitance required as well as reduce the resistance drop across
the choke of the filter to a negligible amount.
The method wherein a resistance and an inductance is used
has been developed to such an extent that an accuracy of about ten
percent can be expected. A considerable portion of this error can
probably be attributed to inaccuracies in calibrating and scaling
the oscillograms.
Accelerations of from 250 to 500 radians per second per
second can readily be recorded. in order to obtain sufficient de-
flection of the oscillograph vibrator on lower values of accelera-
24
tion, the voltage of the generator might be increased, the resis-
tance in series with the primary might be decreased, -or the ratio
of transformation of the transformer might be increased.
It is hoped by the author that further work will be done
on either of the two methods, especially along the line of secur-
ing a good generator, as well as simplifying and reducing the
amount of apparatus required.
Appendix I
Formula for Transformer Constants
di .
(1) NL d Es
N = ratio of transformation
L = inductance of primary
di =rate of change of current in primary
dt
Es = secondary voltage
Assuming a voltage impressed on the resistance and transformer
primary as
e (t) = 200 t
(2) di _200 (noglecting the effect of primary of transformer)
dt R
where R is the resistance in series with the primary.
(1) di E
dt NL
.'. ZJO :E
a
L E
R 20ON
2 5
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Appendix II
Calibration Formula
Since a separately excited direct-current generator is being
used, its voltage is proportional to its speed, or
(1) W = A E
Where W = speed in radians per second
A = a constant for a given field current of the
generator
E = voltage of generator corresponding to at the
given field current.
The value of A may be obtained by measuring both speed and
voltage at the same time, so that by use of kl)
(2) A . 2 1 n
E
where n revolutions per second.
Differentiating (1), noting that A is a constant,
(3) c< A de
dt
Since in the generator circuit, consisting of a large resis-
tance and a small inductance the effect of the inductance can be
neglected,
E
(4) i- - R
where i current in through the large resistance
and the primary of the transformer
E voltage of generator
R resistance of the generator circuit in-
cluding that of the primary of the trans-
former.
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Differentiating (4)
(5) di 1/R do
dt dt
Tpze voltage induced in the secondary is dependent upon the
inductance of the primary, the-rate of change of current through
the primary, and the ratio of turns of the transformer; or
(6) Es NL di
dt
where Es = secondary voltage
= ratio of transformation
L = inductance of primary
d - rate of change of current through the primary
dt
Substituting for di from (5)
dt
(7) Es = NL de
R dt
and from (3)
(8) Es NL C
AR
or
(9) :AR E
NL
in order to read values of acceleration from the oscillo-
grams,
t1O) o(: AR d
NLK
where d deflection of vibration in centimeter
k centimeter deflection of vibrator per
volt input to amplifier.
